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Production of the combined composition of food products, including the holding 

of a large number of different processes, it is impossible without the use of tools 

(objective) measurement methods, quality control and management of raw materials 

and finished products. In this important and responsible role to play engineering 

rheology as a science dealing with the issues of structure of food masses, study their 

structural and mechanical properties. 

The most complete picture of the quality of the product gives properties 

determined by its structure. It is important to small changes in the product structure 

caused significant fluctuation of those characteristics which are determined by the 

instrument. These requirements satisfy the most structurally-mechanical (rheological) 

properties of the product. 

As control parameters can act structurally-mechanical (rheological) properties of 

materials - shear (shear stress, viscosity, penetration, etc.), Compression (adhesion, 

tack, plasticity, etc..) And surface (frictional force, coefficient of friction, etc. ). 

Gathering information about raw performance from all of the manufacturing 

process and further operations are compared with given (reference) parameters of 

finished products allow the whole to monitor, regulate and manage these parameters. 

As a result, all of the activities it is possible to obtain products with desired 

characteristics. 

In our ongoing study identifies the fundamental rheological characteristics that 

influence the structure and quality of the combined product: viscosity, adhesion 

properties (tackiness), yield stress (ПНС). 



Viscosity ( P·с) - is the body's ability to resist relative displacement of its layers. 

Viscous flow is realized in truly viscous liquids at any arbitrarily low shear stresses. 

The viscosity of the combined structured systems determined viscometer RV-8 

plane-parallel gap Volarovich system. 

Calculations made by the formula: 
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Where η - viscosity, Па•с;  

Р – load that rotates the inner cylinder viscometer, Н;  

Р0 – load to overcome the friction in the bearings, Н;  

n – inner rotor speed;  

К – a constant which depends on the size and depth of the viscometer, which 

product is loaded. 

 

Adhesion (Пa), is sticking heterogeneous solid or liquid bodies in contact with 

their surfaces. The strength of adhesion of the bodies determined by separation by 

introducing the stickiness Л. 

 Adhesion characteristics determined by methods for measurement of structural 

and mechanical characteristics (Gorbatov) using adgeziometr Danilova, Machikhina, 

Silaeva acting on the principle of separation. The formula used to calculate the 

stickiness: 
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Where F – breakout force, Н; 

 S – working surface area, м2;  

Л – stickiness, Н/м2. 

      

 Shear stress σ , θ , Па, - it is a measure of internal forces P , Н, occurring in the 

body under the influence of external forces per unit area F , м, normal application of 

force to the vector. 



The ultimate shear stress is determined by the value of the highest load and is 

calculated using the formula: 
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Where  ПНС, кг/м2;  Рmax – the greatest load, Н;  

S – working surface area, м2. 

At the same time determined by the arithmetic mean value mean errors and the 

accuracy of the indicators - basic and compared. The following formulas were used to 

calculate. 

The arithmetic mean value is: 
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The mean square error: 
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The mean square error of the mean values: 
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Where ιX - index, 

n - number of measurements. 

The statistical reliability of key indicators and compared ( i ) was calculated 

using the Student distribution by level of reliability (confidence level λ = 90) and the 

values of the number of degrees of freedom 221 −+= ппк . 

When calculating the reliability of the formula used: 
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Where экспt - pilot ( i ) Student distribution criterion, 

  χ1 и χ2  - compared average values, 

 dS - the difference between the mean values of the error. 

 

Permissible value of the relative error was considered, its value not exceeding 

5%. To achieve this accuracy, in some cases calculated required volume of sample 

(number of parallel experiments). Its value is calculated by substituting different n (2, 

3, 4, etc.) into the formula so that the calculated value of the ( i ) was higher 

coefficient table for a given n, asking a quantity not exceeding 5% and 95,0=αε . 

The addition of the minced fish a certain amount of soy protein-mineral product 

will affect the biological and nutritional value minced food products, their functional 

and technological characteristics. 

The rationale for the selection of raw fish is its chemical composition, which is 

not constant but depends on the type of fish, its physiological state, sex, time of catch, 

etc., that will be fine adjusted by adding soy concentrate products. 

For studies selected fish species with different degrees of maturation, the mass 

concentration of lipids, proteins, technological adequacy, the exponent of 

sensitization (Table 1) 

 

Table 1 

Chemical composition of selected raw fish 
 

Name 
 

Moisture, % 
 

Lipids, % 
 

Proteins, % 
 

saury 
 

65,4 10,5 17,9 

chum with breeding 
plumage 

 
74,2 

 
5,6 

 
19,0 

codfish 
 

81,9 0,9 15,9 

pollock  
 

82,1 0,5 16,9 



 

 

Analysis  table 1 shows that raw fish has considerable intervals indicators of 

moisture content (from 65.4% in the saury up 82.1% from pollock), the mass fraction 

of fat (from 0.5% in pollock to 10.5% in the Pacific saury), the mass fraction of 

protein substances (by 15.9% from codfish to 19% in the chum with breeding 

plumage). 

Keta with breeding plumage differs chemically modified in connection with the 

changes clearly marked spawning. Nutritional value of the fish is reduced by 

reducing the proportion of fat mass and the protein and increase of moisture content 

in the tissues. Reduces and functional and technological parameters of quality of fish 

meat by increasing its hydration. Therefore, after the heat treatment, there are visible 

signs of sagging and watery, and a large amount of broth is produced in natural 

preserves. In addition, changes in the process of spawning there is a noticeable 

decrease in muscle phosphorus. Adding soy concentrate and granulate (SBMP) adjust 

the chemical composition, nutritional value, and functional and technological 

characteristics of the native fish mince. 

Saury meat undergoes maturation, resulting in increased content of nitrogenous 

substances and from histidine during storage is produced histamine, which gives the 

meat saury and products made of it a characteristic sharp flavor. Use in recipes 

SBMP foie saury improve its organoleptic characteristics. 

  Meat pollock and saithe are not ripe, it has a low coefficient of meatiness (5-12 

g / cm), low fat content and a large amount of moisture. Application SASIC with high 

water binding capacity will provide high-quality molded products, which will save 

the appearance, high organoleptic and physico-chemical characteristics after heat 

treatment.
 

For the production of combination products with a given chemical composition, 

important indicator of the amino acid composition of raw fish. Table 3.8 shows the 

amino acid composition of the muscle tissue of fish raw material. Index of biological 



value protein amino acid is swift. It evaluates and amino acid balance in the ratio of 

amino acid to the reference values by FAO / WHO scale (Table 2). 

Table 2 

The amino acid composition of raw fish 

Essential 
amino acids 
EAA 

FAO / WHO 

scale
 

raw materials 
saury chum with 

breeding 
plumage 

codfish pollock 

А С А С А С А С А С 
Valine 
Isoleucine 
Lysine 
Methionine + 
Cysteine 
Threonine 
Tryptophan 
Phenylalanine 
+ tyrosine  

5,0 
4,0 
7,0 
5,5 
3,5 
4,0 
1,0 

   6,0 

100 
100 
100 
100 
100 
100 
100 

  100 

5,47 
4,72 
7,94 
7,95 
3,35 
4,49 
1,27 

  7,75 

109 
118 
113 
144 
0,96 
112 
127 

  129 

5,96 
4,65 
8,08 
8,37 
3,56 
4,98 
1,06 

 7,17 

119 
116 
115 
152 
102 
124 
106 

  119 

5,82 
6,33 
8,43 
9,56 
4,29 
5,19 
1,27 

  8,08 

116 
158 
120 
173 
123 
130 
127 

  135 

5,75 
4,58 
8,01 
8,23 
3,96 
5,12 
1,27 

  8,5 

115 
114 
114 
149 
114 
128 
127 

  142 

∑ EАA 36,0 100 42,94 119,3 42,8 119,0 48,97 136,0 36,94 102,6 

 

Analysis of the values of table 2 suggests a balance of essential amino acids and 

their rational use by the body that shows the prospects of using selected fish raw 

materials in food production combined structure. 

Consequently, the species, its biological status and the chemical composition in 

the catch, as well as to the quality of the cooking time determine the appearance, 

smell, taste and texture of the finished product, determine the type of additives used, 

the technology and the product name. 

In experimental studies have been identified depending on the structural and 

mechanical properties of minced binary compositions - limiting shear stress, 

viscosity, stickiness and the IGC on the length of the ground mixture with the content 

in minced SASIC compositions of 30 - 33% of moisture content of 55 - 81%. The 

results are shown in Fig. 1 - 3. 

The studies found that the mass fraction of SASIC in the compositions, fineness 

and uniformity of minced compositions together determine the consistency, 



depending on the duration of the grinding process - T and in turn on the degree of 

grinding of the composition and homogeneity of minced compositions depend on the 

rheological performance as well as the water-holding capacity collectively define the 

quality of the product. It is found that the grinding improves the structure and 

consistency of minced compositions increases their viscosity and stickiness, 

improved organoleptic properties. When grinding stuffing occurs not only the 

mechanical and chemical changes that cause water binding to proteins and facilitate 

the emulsification of fat. The muscle tissue is further splitting and actomyosin myosin 

to actin molecules, which absorb water better and more easily converted into a 

soluble state than the complex actomyosin. 

 

Fig. 1. Dependence of the limiting shear stress ПНС  minced compositions of the 
duration of the grinding τи 

1 – pollock; 2 – chum with breeding plumage; 3 – saury; 4 – codfish. 
 

Additional refinement improves uniformity consistency minced compositions 

and reduces the separation of moisture from them by heat treatment. As seen from the 

dependencies for each of the types of minced compositions there is an optimum 
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grinding time at which the structural-mechanical and organoleptic properties are the 

best to provide the highest quality product. Longer grinding, accompanied by an 

increase stuffing temperature which reduces the quality of minced compositions and 

result in denaturation of proteins. For this process, the grinding minced systems 

characterized by two periods. 

 

Fig. 2. Dependencies stickiness ε(Л) from grinding length τи 
1 – pollock; 2 – chum with breeding plumage; 3 – saury; 4 – codfish. 
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Fig. 3. Dependence of the viscosity η of the compositions of minced 
length of grinding τи 

1 – pollock; 2 – chum with breeding plumage; 3 – saury; 4 – codfish. 
 

In the first period, an intensive mixing of particles and cutting the muscle tissue 

of fish and SASIC, with the total surface of the particles increases, the moisture from 

the free passes to the surface-bound, the formation of a new structure, which is 

characterized by high structural and mechanical properties. Extreme values of 

rheological parameters correspond to the extreme points and other indicators - water-

holding capacity. 

The second period of grinding and mixing the components of minced 

compositions, due to the increased number of the finest compositions, their 

aggregation, aeration mass and emulsify fat characterized by the formation of 

secondary structure, all the indicators that are worse. 

In order to establish the effect of the duration of grinding depending on the 

water-holding capacity and minced fish minced composition studies have been 

conducted, the results of which are shown in Table 3. 

 

 Table 3  

Dependencies ВУС (%) minced fish and minced compositions of the duration of 

grinding τи 

Raw materials ВУС minced fish ВУС minced fish and SASIC in 
the compositions 

codfish ВУС = 68,8 – 25,5-0,004t ВУС = 71,7 – 15,3-0,01t 
chum with 
breeding plumage 

ВУС = 64,6 – 15,2-0,006t ВУС = 65,6 – 12,2-0,005t 

saury ВУС = 57,3 – 14,0-0,005t ВУС = 64,4 – 19,4-0,0005t 
pollock ВУС = 67,7 - 23,4-0,004t ВУС = 70,4 – 13,1-0,01t 
 

Studies have shown that the addition of minced fish SASIC in the amount of 

33% by weight of fish raw material enhances ВУС minced compositions from 2,0 to 

9,3%. 



Thus the grinding τ can be defined by the following relationships: 

minced pollock аnd  SASIC  τ  = 493,3 – 164,8 · ln (73,0 - ВУС); 

minced chum with breeding plumage аnd  SASIC  

 τ  = 481,2 – 190,0 · ln (68,0 - ВУС); 

minced saury  аnd  SASIC τ  = 500,4 – 170,4 · ln (63,2 - ВУС). 

Calculations performed using expression data indicate that the duration of 

grinding minced products should be 360 - 400 seconds.  

Thus, it is established for stuffing with a lower ВУС holds a higher ВУС after 

adding minced SASIC and, conversely, for stuffing with a higher ВУС holds less 

value ВУС when you add them SASIC. 

The research also revealed that after the heat treatment VSL minced products 

slightly decreased (within 2.5 - 3.0%), which is obviously connected with the 

processes of protein denaturation. 

Analysis of the results shows that minced compositions prepared by the optimal 

mode and increased mineral content, along with proteins, carbohydrates and lipids. 

All compositions minced fish + SASIC chemical speed is 100% or more. 

At the same time, all minced compositions have a high content of total protein, 

the amount of which varies from 17,2% (pollack) to 19,3% (chum). The content of 

lipids in an amount of from 2,7% to 10,6%, and carbohydrate in an amount of 4,5% is 

an advantage of these compositions. 

In addition, the determination processing characteristics studied: 

−  value pH . The study was carried out in the pH range from 3 to mince 10. 

Studies have shown that at a pH of meat, equal to about 5.0, it has the highest fluidity 

t. E. The viscosity and yield stress are the lowest values. When changing pH unit 

increase or decrease from this value corresponding to a minimum viscosity, its value 

can be increased up to 4-5 times 

− value t. The studies were conducted at temperatures ranging from 2 to 35 ° C 

using a device RV-8 . Studies 

It found that increasing the temperature of minced from 2 to 35 ° C leads to a 

reduction-zheniyu values of rheological characteristics, namely: a limiting shear 



stress, viscosity, and an effective viscosity with a single speed, except destruction rate 

structure. 

− value moisture.  Research was carried out on minced meat with the relative 

humidity from 0.55 W to about 8 kg per 1 kg of the total weight of the raw meat. 

Minced to the required moisture was adjusted by adding water during chopping or of 

cutting it after dilution with vigorous stirring. Research has established that the 

increase of humidity minced leads to a significant reduction of structural and 

mechanical properties - limiting shear stress, viscosity, and an effective viscosity at 

the unit speed. 

− effect of exposure duration.  In order to restore the structure after the articles 

are subjected to mechanical forces sediment t. E. During a certain exposure time. To 

determine the effect of the duration of the precipitation on the structural and 

mechanical properties, dvaritelno pate was excerpt from 0 to 5 hours. In the first 1-2 

hours soaking minced value of its shift characteristics almost unchanged. Upon 

exposure 4-5 hours (the second period) shift characteristics are increased to the 

maximum, thus the holding time of 3-4 hours is critical when the process of 

spontaneous restoration of the structure ends. Further exposure causes a decrease in 

the values of all the characteristics, ie, weakens the stuffing structure. 

− effect of fineness. Research has shown that with increasing degree 

(multiplicity) grinding the raw material yield stress varies considerably. When 

grinding multiplicity n equal to 7-8, yield stress decreases, reaches a minimum value, 

and for further increasing multiplicity grinding its value gradually increases and 

reaches the end value exceeding its original value. 

From the literature reviewed shows that the listed technological factors have a 

significant impact on the structural and mechanical properties of the products. 

 

 Thus, studies: 

1. The choice of research associated with the development of technologies and 

production processes ryborastitelnyh culinary products multicomponent composition 

using soy protein-mineral product in the form of pastes and granular concentrate; 



2. The dependencies that characterize the accumulation of macro-microelements 

in biological modification of soy beans 

3. The technology and reasonable parameters for obtaining the soy protein and 

mineral components in the form of paste and concentrate 

4.  The dependencies that characterize the process of obtaining the soy protein-

mineral paste 

5.  The dependencies that characterize the process of obtaining the soy protein-

mineral granulate 

6. Statistical analysis of the results of the tasting samples derived levels and 

intervals varying factors, the matrix of full factorial experiment, regression analysis 

based on pashtetnomu minced cutlet and systems, which will continue to be 

calculated kvalimetric model and comprehensive index of quality of products. 
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